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Computational Tools for  
Biologists to Draw Insights 

from Comparative Sequence 
Data

***
Tales of How Comparative 

Sequence Data Led to 
Biological Insights
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Godzilla: Whole Vertebrate Genome Comparisons

VISTA is an integrated system for global 
sequence alignment and visualization, 

•VISTA – Standard VISTA for 2 way sequence 
comparisons

•rVISTA – regulatory VISTA

•aVISTA – audio VISTA

AVID - The Alignment Engine Behind VISTA

Global Alignment
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100%

75%

50

human/
gorilla

Apolipoprotein AI gene

VISTA 2 Way Sequence Comparison

Liver 
Enhancer

human/
mouse 75%

50/100%

human/
rabbit

50/100%

75%

human/
chicken 75%

50%

human/
rat

50/100%

75%

75%human/
pig

50/100%

%
0KB 10KB

http://www-gsd.lbl.gov/vista

Since June 2000 > 5500 request for sequence analysis and 
> 320 copies of software distributed
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http://pipeline.lbl.gov

Comparative analysis of whole 
vertebrate Genomes 

Annotation and Visualization of 
elements conserved in two genomes

A pipeline for realA pipeline for real--time comparative analysis of human and vertebrate genomestime comparative analysis of human and vertebrate genomes

Input data
(pipeline)

Human Genome – GoldenPath Assembly: genome.ucsc.edu

RefSeq gene annotation -- UCSC
Ensemble gene annotation -- Ensemble

2nd Vertebrate Genome:

Mouse:

Fugu

Rat

A pipeline for realA pipeline for real--time comparative analysis of human and vertebrate genomestime comparative analysis of human and vertebrate genomes
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Lior Pachter
Ivan Ovcharenko
Inna Dubchak

http://pipeline.lbl.gov/

Current Mouse Contigs and Supercontigs

Mask repetitive elements RepeatMasker

Localize homologous sequence in the Human 
Genome (BLAT w/postprocessing)

Align Human and Mouse sequences (AVID)

Build VISTA plots

Running the pipeline…



6

Mouse Mouse SuperContig SuperContig Coverage of Human GenomeCoverage of Human Genome
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Gene AGene B
Gene D
Gene 40,000

Gene C
Genome Project

Wiring Diagram

Wayward Discovery of a 
New Apolipoprotein 

Gene
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Human Chromosome 11q23 Apolipoprotein Gene Cluster

0kb

Apo AIV Apo CIII Apo AI

5kb 10kb 15kb 20kb 25kb

human/
mouse

Human/Mouse Apolipoprotein Gene 
Cluster Sequence Comparison

0kb 20kb

20kb 40kb

40kb 60kb

ApoAIV

ApoCIII ApoAI

????

Liver
Enhancer
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Predicted Protein Sequence Has Homology to ApoAIV

25kb0kb

Apo AIV Apo AIApo CIII

-35kb

ZNF259

-10kb

Apo AV

Identity:     26%
Similarity: 45%

---MAAVLTWALALLS----AFSATQARKGFWDYFSQTSG-DKGRVEQIH 
MFLKAVVLTLALVAVAGARAEVSADQVATVMWDYFSQLSNNAKEAVEHLQ 
 
QQKMAREP-ATLKDSLEQDLNNMNKFLEKLRPLSGSEAPRLPQDPVGMRR 
KSELTQQLNALFQDKLGEVNTYAGDLQKKLVPFATELHERLAKDSEKLKE 
 
QLQEELEEVKARLQPYMAEAHELVGWNLEGLRQQLKPYTMDLMEQVALRV 
EIGKELEELRARLLPHANEVSQKIGDNLRELQQRLEPYADQLRTQVNTQA 
 
QELQEQLRVVGEDTKAQLLGGVDEAWALLQG----LQSRVVHHTGRFKEL 
EQLRRQLDPLAQRMERVLRENADSLQASLRPHADELKAKIDQNVEELKGR 
 
FHPYAESLVSGIGRHVQELHRSVAPHAPASPARLSRCVQVLSRKLTLKAK 
LTPYADEFKVKIDQTVEELRRSLAPYAQDTQEKLNHQLEGLTFQMKKNAE 
 
ALHARIQQNLDQLREELSRAFAGT-----GTEEGAGPDPQMLSEEVRQRL 
ELKARISASAEELRQRLAPLAEDVRGNLKGNTEGLQKSLAELGGHLDQQV 
 
QAFRQDTYLQIAAFTRAIDQETEEVQQQLAPPPPGHSAFAPEFQQTDSGK 
EEFRRRVEPYGENFNKALVQQMEQLRQKLGPHAGDVEGHLSFLEKDLRDK 
 
VLSKLQARLDDLWEDITHSLHDQGHSHLGDP--------------- 
VNSFFSTFKEKESQDKTLSLPELEQQQEQQQEQQQEQVQMLAPLES 
 
 
 

0

40000

80000

120000

160000

0 3 6 9 12 15

FPLC Separation of FPLC Separation of MouseMouse PlasmaPlasma

VLDL HDL

Elution Fraction

ApoAV ApoAV associates with HDL and VLDLassociates with HDL and VLDL

48kD48kD

32kD32kD

LDLLDL HDLHDL VLDLVLDL
Western Blot of Western Blot of HumanHuman PlasmaPlasma

AntiAnti--ApoAVApoAV
AntibodiesAntibodies
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Human Human ApoAV ApoAV Transgenic and Knock Out MiceTransgenic and Knock Out Mice

26 kb fragment26 kb fragment
--35kb35kb 25kb25kb

ApoApo AIVAIV ApoApo AIAIApoApo CIIICIIIZNF259ZNF259 ApoApo AVAV

ApoApo AVAV ApoApo AVAV--//--
KOKOtransgenicstransgenics

het  het  KOKO
+/+/-- --//--

het  het  KOKO
+/+/-- --//--

••ApoAV ApoAV KO’s have increasedKO’s have increased
triglyceridestriglycerides..

CholesterolCholesterolTriglyceridesTriglycerides

500%500%

400%400%

300%300%

200%200%

Lipid Levels in Mice with High and Low Lipid Levels in Mice with High and Low ApoAVApoAV

RelativeRelative
toto

controlscontrols

trans  wttrans  wt
+/++/+

trans  wttrans  wt
+/++/+

••ApoAV transgenicsApoAV transgenics havehave
decreased decreased triglyceridestriglycerides..

100%100%

30%30%
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The Role ApoAV in Humans?

Genotyped 500 normal individuals Genotyped 500 normal individuals phenotypedphenotyped for plasma:for plasma:
--TriglyceridesTriglycerides
--IDL, LDL, HDL, VLDL MassIDL, LDL, HDL, VLDL Mass
--HDL, LDL CholesterolHDL, LDL Cholesterol
--ApoAIApoAI, , ApoB ApoB 

((apoAIapoAI/CIII/AIV cluster)/CIII/AIV cluster)

ApoAVApoAV
Association Study Association Study II:: ApoAVApoAV Polymorphisms and Plasma ParametersPolymorphisms and Plasma Parameters

1.11.1 1.91.9

SNP1SNP1
(9.1)(9.1)

SNP2SNP2
(8.4)(8.4)

SNP3SNP3
(9.2)(9.2)

Minor alleleMinor allele
Frequency(%)Frequency(%)

SNP4SNP4
(32.2)(32.2)

11.111.1
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Genotyped 500 normal individuals Genotyped 500 normal individuals phenotypedphenotyped for plasma:for plasma:
--TriglyceridesTriglycerides**
--IDL, LDL, HDL, IDL, LDL, HDL, VLDL Mass*VLDL Mass*
--HDL, LDL CholesterolHDL, LDL Cholesterol
--ApoAIApoAI, , ApoB ApoB 

((apoAIapoAI/CIII/AIV cluster)/CIII/AIV cluster)

ApoAVApoAV
Association Study Association Study II:: ApoAVApoAV Polymorphisms and Plasma ParametersPolymorphisms and Plasma Parameters

1.11.1 1.91.9

SNP1SNP1
(9.1)(9.1)

SNP2SNP2
(8.4)(8.4)

SNP3SNP3
(9.2)(9.2)

Minor alleleMinor allele
Frequency(%)Frequency(%)

P valuesP values0.020.02 0.0030.003 0.00020.0002
TRIGLYCERIDESTRIGLYCERIDES

SNP4SNP4
(32.2)(32.2)

11.111.1

0
15
30
45
60
75
90

105
120
135
150
165

SNP1 SNP2 SNP31,1  1,21,1  1,2
SNP1SNP1

1,1  1,21,1  1,2
SNP2SNP2

1,1  1,21,1  1,2
SNP3SNP3

* 20* 20--30%30%
differencedifferenceTGTG

(mg/dl)(mg/dl)

1,1=major/major1,1=major/major
1,2=major/minor1,2=major/minor

** ** **

GenotypeGenotype::

((apoAIapoAI/CIII/AIV cluster)/CIII/AIV cluster)

ApoAVApoAV
Effect of Effect of ApoAV SNPs ApoAV SNPs on on Triglyceride Triglyceride LevelsLevels

1.11.1 1.91.9 11.1kb11.1kb

SNP1SNP1 SNP2SNP2 SNP3SNP3 SNP4SNP4

0
15
30
45
60
75
90
105
120
135
150
165

SNP1 SNP2 SNP3 SNP41,1  1,21,1  1,2 1,1  1,2 1,1  1,2 1,1  1,2

*****
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Minor Minor ApoAV haplotypeApoAV haplotype in in 
human is associated with human is associated with 

increased plasma increased plasma triglyceridestriglycerides

Association Studies…..  Is this finding reproducible????Association Studies…..  Is this finding reproducible????

0

1

2

3

4

1,1     1,2     2,2
SNP3 GenotypeSNP3 Genotype

n=11n=256n=2209

*

*

* P<0.01

Association Study III: Association Study III: 2200 Male English Civil Servants

Triglycerides 
(mmol/L)



14

ApoAIV ApoCIII ApoAI ApoAIV ApoCIII ApoAI

ApoAV
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ApoAIV ApoCIII ApoAI

ApoAV

KOKO

TransTrans

Mouse StudiesMouse Studies
ApoAV expression level 
effects triglyceride level

KOKO

TransTrans

Mouse studiesMouse studies

ApoAIV ApoCIII ApoAI

ApoAV

Importance of Importance of ApoAVApoAV
on on TriglycerideTriglyceride MetabolismMetabolism

Human studiesHuman studies
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How a Room Full of Primates 
are Better Than One for 
Finding Primate Specific 

Regulatory Elements

apo (a)

Lp(a) LDL

apo B             

Apolipoprotein(a) 
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Apo(a) Plasma Levels are Highly Variable

∼ 50% of apo(a) variability in levels is attributable
to the regulation of the transcription of the gene

frequency

<1 50                 >100      mg/dl

* standard protein ~10-fold

* apo(a) 1000-fold
Human

Lemur
(prosimian)

Baboon
Chimp

Mouse

Presence of the 
apo(a) gene

New-World Monkeys

Apo(a) : Limited Distribution Among Mammals

Hedgehog
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Strategy to identify regulatory 
elements of a recently evolved gene:

Phylogenetic Shadowing
sequence conservation across multiple 

close species as a means to increase 
evolutionary distance

5’ apo(a) gene

Phylogenetic Shadowing:

human
chimp
gorilla
baboon
macaque
green monkey
colobos

0 2 kb

: nucleotide difference with at least one species

Sequence elements conserved across all species:
candidate regulatory element
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Chimp

h/b
0.45%

h/c
3.82%

b/c
0.43%

Human

Base Pair Identities Among Human, Chimp and Baboon (160 kb)

h/c/b
94.7%

Baboon

h/c/b
94.7%

Apo(a) Phylogenetic Shadowing:

0

5

10

15

20

25

30

intron exon promoter non-coding

%
 v

ar
ia

tio
n 

   
  

Human vs. Baboon
Comparison of 8 primate species
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0
2
4
6
8

10
12

1 200 400 600 800 1000 1200 1400 1600

V
ar

ia
tio

n

Sequence Conserved Across 8 
Primate Species

Sequence (bp)

?PROMOTER

1
Apo(a) 5’

How Do We Test In Vivo Regulatory 
Elements of a Gene not Present in Mice?

Human apo(a) is 
regulated “similarly” in 
humans and mice:

apo(a)

Human apo(a) YAC (270 kb)
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Marsupials

Old- World Monkeys

Rodents

New- World Monkeys

Lemurs

Hominoids

Cows

Pigs

apo(a) present in some primates but...

Insectivores (hedgehogs,..)

The hedgehog and primate apo(a) gene 
an example of a) gene loss or       

b) convergent evolution ?

Convergent evolution: When genes Convergent evolution: When genes 
evolve independently to the same evolve independently to the same 
function.function.

Gene Loss: When species had a gene Gene Loss: When species had a gene 
but lost it via deletions or inactivationbut lost it via deletions or inactivation
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Genomic BAC library

Sequence hedgehog apo(a) gene

S

hedgehog apo(a)

LDL
apoB

3 3 33 3 33 3

human plasminogen SEC 1 532 4
fibrin

prot

hedgehog plasminogen SEC 1 4 52 3
fibrin

prot

4
human apo(a)

S

SEC 5

LDL
apoB

4 4 4 4 4 4 4 4 X

hedgehog plasminogen SEC 1 4 52 3
fibrin

prot

human plasminogen SEC 1 532 4
fibrin

prot
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Evolution acts in mysterious 
ways

Sequence data from many 
species may reveal some of its 

motives

LBNLLBNL

JanJan--Fang ChengFang Cheng
Len Len PennacchioPennacchio
Dario Dario BoffeliBoffeli
Jody Schwartz
Ivan Ovcharenko
Alex Poliakov

Inna Dubchak –
Lior Pachter – UCB math / LBNL

http://pipeline.lbl.gov

Ronald KraussRonald Krauss

UTUT--SWSW
Jonathan CohenJonathan Cohen
Helen HobbsHelen Hobbs
JaroslavJaroslav HubacekHubacek

Pasteur InstitutePasteur Institute--LilleLille
Jamila FruchartJamila Fruchart
JeanJean--Charles Charles FruchartFruchart

MCWMCW
Michael OlivierMichael Olivier

http://wwwhttp://www--gsdgsd..lbllbl..govgov//


